Tyrosine hydroxylase is the rate-limiting enzyme in catecholamine synthesis; the gene has previously been cloned and localised to the short arm of chromosome II. Because of the interest in tyrosine hydroxylase as a candidate gene for manic-depressive psychosis and other affective disorders, we carried out family studies to determine the linkage of tyrosine hydroxylase with insulin, 0-globin, D11S12 and Harvey-ras 1, members of a linkage group which has previously been localised to lip. Using DNA from the Centre d Y Etude du Polymorphisme Humain (CEPH) and from two large British pedigrees, we show that tyrosine hydroxylase is closely linked to these four loci (2=7.36, 6=0.04 for linkage to insulin) and suggest a gene order based on multipoint mapping.
INTRODUCTION
Tyrosine hydroxylase (TH) is an enzyme involved in amino acid and neurotransmitter metabolism and is the rate-limiting enzyme in catecholamine synthesis. The TH gene has been cloned by Mallet (1) , assigned to chromosome 11 by analysis of human/mouse cell hybrids (2) , and regionally localised to Ilpl5 by in situ hybridisation (3) .
Catecholamine metabolism is thought to play a central role in the pathogenesis of manic-depressive psychosis and other affective disorders (4) , and mutations in the TH gene may therefore be important in the aetiology of these disorders. Moreover, recent evidence in favour of close genetic linkage between the cellular oncogene Harvey-ras 1 (HRAS1), which has also been assigned to lip, and an autosomal dominant form of manic-depressive psychosis (bipolar affective disorder) has stimulated further interest in TH as a candidate gene for this type of psychosis (5.6). In order to be able to examine the role of TH in this group of psychiatric disorders, we set out to identify polymorphic sequences within the TH locus. In addition, the genetic relationships between TH and other lip markers were investigated so that multipoint analysis may be used to increase the information provided by linkage studies of pedigrees in which the disorders are segregating. The genes for HRAS1, 0-globin and insulin have been localised to Ilpl5 (7) and a gene order for these loci and for the arbitrary locus D11S12 has been established by a genetic linkage study of a large number of extended multigeneration families (8) . Here we describe linkage studies to map the TH locus to the existing linkage group in the Hpl5 region. A human cDNA clone of TH (Ty7), isolated and characterised by Mallet et al (1) was used to detect two restriction fragment length polymorphisms and these were used in linkage studies as part of the CEPH collaboration. Linkage studies in the CEPH families were based on marker data on all 5 loci and on 3 loci (insulin, HRAS1, TH) in NDM-A and NDM-C. Linkage analysis was carried out using the computer program package "LINKAGE" (13) on an IBM-AT computer.
MATERIALS AND METHODS

Subjects
RESULTS
Two restriction fragment length polymorphisms were detected using the TH cDNA probe. Three alleles were observed in EcoRI digests (A, B, C) and two in Bglll digests (+,-). The sizes and frequencies of these alleles are given in Table 1 . Complete linkage disequilibrium was, however, observed between the Bglll + allele and the EcoRI A allele, and therefore the EcoRI 
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The relative probability of this order compared with the second most likely order was obtained using the "LINKAGE" (13) program by combining the data on all 28 large three-generation pedigrees reported by White et al (8) with the data on the TH locus presented here. There is strong homology between the tyrosine hydroxylase gene and that for phenylalanine hydroxylase (PAH) which has been localised to chromosome 12 (15) . The mapping of other pairs of homologous genes to chromosomes 11 and 12 has lead to speculation that these chromosomes result from an ancient tetraploidisation. However, there are differences in the subchromosomal localisation of the homologous genes suggesting that a rearrangement of gene order occurred at or after the tetraploidisation event. For example, PH has been localised to 12q22-q24.2 (16) , whereas the homologous TH locus is on the short arm of chromosome 11. IGF-1 has been localised to 12q22-q24.1 (17) whereas IGF-2 lies at Ilpl5.5, 15kb 3' to the insulin gene (18) . One explanation for the different comparative localisation of these homologous pairs is that a pericentric inversion event occured during the evolution of these chromosomes. In this model homologous pairs which continue to have comparable localisations on their respective chromosomes are assumed to lie outside the inverted region. The Kirsten ras-2 gene on the short arm of chromosome 12 bears an evolutionary relationship to HRAS1 and both of these genes reside on the short arms of their respective chromosomes (7). Our suggested gene order places the HRAS1 gene between TH and insulin/IGF-2. If a simple pericentric inversion event were responsible for the arrangement of the genes on these two chromosomes, one would expect the ras homologue on chromosome 12 to lie on the long arm between PAH and IGF-1. If the order suggested by our data is confirmed, this indicates that a simple pericentric inversion is unlikely to have been responsible for the differences in regional localisation of the homologous genes on chromosomes 11 and 12.
